Abstract-Students need good visualisation skills to perform well in the field of Science, Technology, Engineering and Mathematics (STEM). However, two preliminary studies conducted with six teachers and fifty (50) Year 4 students at a local school showed that most of them are facing difficulties in visualizing 3D objects. From these findings and review of literature, we proposed a conceptual model called 3D Spatial Visual Skills Training (3D SVST) model. The 3D SVST model was applied as a basis to develop an application to improve 3D visualisation skills among elementary school students using a floating image technology known as hologram pyramid. In this paper, we report the findings from evaluation of students' performance in visualisation skills test using 3D SVST application. Fifty (50) Year 4 students from a local school in the state of Selangor participated in the study. Two types of tests were conducted on students; 3D visualisation skills test using paper and 3D visualisation skills test using hologram pyramid. The tests include Paper Folding Task (PFT), Mental Rotating Task (MRT) and Virtual Building Component (VBC). The results show that students' visualisation skills improved when using the hologram pyramid application. The study also found that students performed better in PFT but lower in MRT and VBC. From the findings, we can conclude that hologram pyramid has a positive impact on visualisation skills of students. Therefore, it has the potential to be used in classroom to complement other teaching and learning materials
I. INTRODUCTION
There are various definitions of visualisation, however, the term means to imagine and describe. Visualisation skill is one of the main components of human intelligence and it is relevant in many areas of employment, education and training programs. Visualisation skill also refers to the ability of mental representation and manipulation of visual spatial information. Visualisation skill is related to the theory of cognitive development and intellectual development proposed by Jean Piaget. According to [1] , visualisation skill is the ability of the mind associating with sharp observation, visual thinking, mental images, and sensitivity to shapes and so on. This skill is needed by students to interpret an object visually and abstractly before transform it into verbal or graphic [2] . Visualisation is the ability of students to imagine and design objects that can be altered from multiple views. In summary, visualisation refers to individual's skill in viewing an object and parts of the object and thinking either in two dimension or in three dimension in their minds. In general, visualisation skill help students provide information that is not stated verbally or other instruction in teaching and learning [3] . Spatial visualisation is a specific type of visualisation which is related to objects in 2D and 3D space. According to [4] , spatial visualisation is a skill to present and mentally manipulate visual objects. This skill is assessed using some tasks such as folding paper and rotating objects mentally, where one has to imagine the change of shape of objects using their mind. [5] have shown that students who have good ability to visualise, performed better in STEM related curriculum. It is supported by [6] which according to him, students with higher visualisation skills easier to understand STEM subjects. Programs in in this field require students' ability to process visual information as well as the ability to develop mental images, draw diagrams or to develop symbols to represent their imagination. It is important for students to improve their visualisation skills if they want to understand better in STEM related subjects. A study by [7] found that there is a relationship between visualisation skills with students' achievement in science and mathematics. A study by [8] also supported that students who have high level of visualisation skills get better results in learning science and math compared to students who have a low level of visualisation skills. According to [9] , many students face difficulties in describing a complex question with a two dimensional representation. This problem is more noticeable when involved students who have low level of visualisation skills [10] . Therefore, research on methods to improve students' visualisation skills through the teaching and learning is very crucial and relevant.
The rapid development of information and communication technology (ICT) is affecting various aspects of human life, including education. ICT in educational contexts is an electronic network for searching, collecting, storing, processing, transporting and delivering information effectively and quickly [11] . Today, hologram technology is one of the rapidly evolving technologies. Although hologram technology in educational environment is still new, but it has potential in helping students' learning process [12] . The use of hologram technology in teaching and learning are able to form active students' in the process of knowledge acquisition. It can provide opportunities for students to observe, classify, build and modify their personal knowledge aside from participating actively and collaboratively. Therefore, a study was conducted to determine the effect of using hologram pyramid, a floating image technology on students' visualisation skills.
II. 3D SPATIAL VISUAL SKILLS TRAINING (3D SVST) MODEL
By relating the observations made during preliminary studies to learning theories, the 3D SVST model is formulated. The model is shown in Figure 1 . The 3D SVST model is formulated for the purpose of training 3D spatial visual skills among learners and to improve their cognitive processes during visualisation. The model comprised of three (3) layers which are relevant in spatial visualization training. They are namely (1) Spatial Visual Skills, (2) Theories of Learning and (3) Learning Approach. Four (4) learning theories related to this training is taken into consideration. These include Spatial Theory, Dual Code Theory, Constructivist Theory and Visual Thinking Model. Today, there are a lot of research in education using cutting-edge technology such as touch-screen technology, augmented reality technology (AR) as well as virtual reality technology (VR) as a tool to test the skills of visualisation [13] , [14] , [15] . However, we chose one approach that can implement the 3D SVST model that is the hologram pyramid. It is a floating image technology that can display 3D object within its space. Three dimensional hologram technology is increasing its popularity today since it is suitable to be used in developing visualisation skills among learners. This technology requires an LCD screen as well as a four-sided glass pyramid. The reflected image through the LCD screen appears in the pyramid and appears to float in the air. This technology is capable of displaying 3D images in a 360° view. Through this hologram pyramid, users can give their visual impact of 3D objects from all directions side. Users can also experience the thrill of real effects without the need 3D glasses. This technology uses the concept of Pepper's Ghost illusion technique in a theater created by Professor John Henry Pepper (1821-1900) and the English engineer Henry Dircks (1806-1873) in the 19th century. The technique works using the reflection from a mirror. A glass beaker is placed on the stage at an angle of 45 degrees to get a reflection from under the stage, as shown in Figure 2 . Thus, the viewer can see the figure appearing on stage directly through the air and interact with other actors. A study by [16] found that hologram technology brings positive impact on learning. The development of application using hologram pyramid based on 3D SVST model involves design of hardware and software components. Hardware components comprise of a pyramid-shaped acrylic glass and a display monitor. The hologram pyramid is the image reflection component while the display monitor is the image generation component. Table 1 shows the hardware requirements needed for the development of 3D SVST application. Image reflection component also consists of a structure that supports the pyramid itself, as shown in Figure 3 . The four triangular-shaped sides, which form a pyramid, are made of transparent acrylic glass. To reflect the image from horizontal position to vertical position in front of students, the sides must be tilted at an angle of 45° as shown in Figure  4 . The image generation component is a computer display monitor, which is placed horizontally on a surface. The image generation component needs to produce sharp image without any distortion. Development of 3D objects used in the application involved modeling of the objects, animations, and also programming of the 3D objects to display at four sides of the specified quadrants. Color of object is also emphasized to attract students' attention. Spatial visualisation skills test used in the 3D SVST application is a standardized test used to measure an individual's ability to visualise. Each visualisation skill test used to measure specific visualisation skills. Among the common standard visualisation skills test used are Mental Rotating Task (MRT), Paper Folding Task (PFT) and Virtual Building Component (VBC). MRT is to test the ability to rotate mentally, PFT is to test the ability to stretch and fold mentally and VBC is to test the ability to cut 3D objects mentally and to test the understanding of building technology and also the concept of 3D modeling in building design. In this study, spatial visualisation skills were assessed using MRT, PFT and VBC tests. In MRT test, students were asked the final representation of an object when it is rotated in a certain direction ( Figure 5 ). In PFT tests, students were shown a paper that has drawing lines and were asked to imagine the final representation of an object when the folding paper is opened according to line ( Figure  6 ). In VBC test, students were given a 3D object and they were required to identify the representation of the object when transformed into 2D through a certain viewing angle (Figure 7) . Each section of the test consists of two questions A total of (50) Year 4 students from a local school in the state of Selangor participated in a study using 3D SVST application. Thirty-two (36) people were male students and fourteen (14) were female students. Participants were students aged 10 years from different race: Malay, Chinese and Indian. Pre-test and post-test instruments were developed based on the standardized visualisation skills test. The tests were divided into three sections: Section A-Mental Rotating Task (MRT), Section B-Virtual Building Component (VBC), and Section C-Paper Folding Task (PFT). Each section has two questions. The objective of the pre-test is to get the performance level of students' visualisation skill through exercises using ordinary paper test is rotated to
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before they were exposed to hologram pyramid. Once pretest has been conducted, participants were given exposure to visualisation skills training using the hologram pyramid. Then, the participants were asked to sit for a post-test. Paired sample t-test was used to determine whether there is a significant difference between mean scores of pre-test and post-test. The students' achievement on pre-test and post-test were scored according to four levels as shown in Table 2 . Analysis of the results were carried out using t-test to determine level of improvement of students' visualisation skill. Table 3 shows the detail results obtained from pre-test and post-test conducted. The results show that the mean percentage of pre-test is 40.57 which is interpreted as low based on the levels given in Table 2 . However, from the post-test, it can be seen that the mean percentage is 67.98 which is interpreted as average. The results show that visualisation skills of students improved after using the 3D SVST application using hologram pyramid. In fact, results show that visualisation skills of students improved after using hologram pyramid for all sections; MRT, VBC and PFT. Figure 8 shows the comparison of marks of participants for each of the three sections. From Figure 8 , we observed that students' performance is lowest in PFT pre-test compared to both VBC and MRT pretests. After the students were introduced the 3D VSVT application using hologram pyramid, their performance in the post-tests were improved especially for the PFT section. The mean score for PFT has increased by 28.4 percent. A possible explanation for the significant improvement of students' performance in the PFT test is that the students have better visualisation of object with animation of paper folding that floats in the 3D space of the hologram pyramid. This visual image representation resembled real objects. Thus, it is easier for students to create abstract images in their mind which helped them when answering related questions. From the findings, we believe that floating image technology using hologram pyramid can improve students' visualisation skills effectively. Therefore, this approach of using hologram pyramid can be applied in teaching and learning for school students to improve their visualisation skills. The approach of using hologram pyramid can attract students' attention and interest in learning. Students are able to view 3D visual representation of floating objects in 3D space which are more realistic.
VI. CONCLUSION
Generally, students need help to improve their visualisation skills in order to perform better in STEM related subjects. This study showed that, floating image technology using hologram pyramid can provide a potential solution to improve visualisation skills of students. Visualisation skill is important for students to develop abstract imagination of objects or concepts. In this paper, we discussed the development of 3D SVST application using hologram pyramid which has been proven effective in improving students' visualisation skills. The results of pretest and post-test conducted with fifty (50) Year 4 students showed significant improvement in all three sections of the tests: PFT, VBC and MRT. Thus, the approach of using hologram pyramid to display 3D objects in space to improve visualisation skills of students can be implemented in schools. With better visualisation skills, students' performance in STEM related subjects will improve. This can create students' interest in the field of Science, Technology, Engineering and Mathematics.
